INTRODUCTION
============

Cranial nerve lesions often accompany head trauma. Injury of the cranial nerve is the result of important kinetic forces to the brain and cranium. The trauma required to damage the oculomotor nerve (ON) usually is severe and associated with other neurologic deficits, basilar skull fracture, orbital injury or subarachnoid hemorrhage[@B14],[@B16]. However, in rare instances, minor blunt head trauma can cause isolated oculomotor nerve palsy (ONP) without other cranial nerve palsy. Nevertheless, only a few reports have described the clinical feature of these patients, and mechanisms and imaging studies of nerve damage have not been discussed in depth[@B2],[@B8].

The authors herein present a case of previously healthy woman who developed acute isolated ONP caused by mild frontal blow that insufficient to cause fractured skull or loss of consciousness. To our knowledge, this is the first reported case in which the diagnosis of traumatic isolated ONP was rightly made by high-quality three-dimensional (3D) reconstructed magnetic resonance images (MRIs). The authors also discuss the current knowledge of the relevant neuroanatomy, the proposed mechanism of nerve injury, and treatment of solitary ONP associated with minor head trauma.

CASE REPORT
===========

A 36-year-old woman with no past medical history was admitted to hospital after slipping on the ice. The patient did not lose consciousness, but she immediately noted drooping of her right eyelid and double vision when she elevated the lid. There was a 3 cm laceration wound on the chin and some abrasions over the neck and the central region of her face ([Fig. 1A](#F1){ref-type="fig"}).

The right pupil was fixed and dilated, and there was complete right ptosis. The patient could not elevate, depress, or adduct the right eye, but the eye intorted on attempted downgaze ([Fig. 1B](#F1){ref-type="fig"}). The right pupil measured 5 mm in diameter and was sluggish reactive to light. Ophthalmologic tests of vision and intraocular pressure were within normal ranges in both eyes. Further physical and neurological examinations were normal. Skull X-rays and orbital computed tomography (CT) scans immediately after the accident failed to show fractures. MRI and MR angiography of the brain did not reveal any pathology on admission ([Fig. 2](#F2){ref-type="fig"}). Contrast-enhanced spoiled gradient-recalled (SPGR) MR sequences with multiplanar reconstruction (MPR) was subsequently performed to produce high-resolution images of the cisternal portions of the cranial nerves. The 3D MR studies indicated a slightly rough-shaped ON near the the posterior petroclinoid ligament (PCL), but no nerve enhancement ([Fig. 3A](#F3){ref-type="fig"}). The patient\'s history, along with the ophthalmologic symptoms and the radiologic findings strongly suggested the diagnosis of an isolated lesion in the course of the ON without further damage in the right oculomotor nucleus.

She was then treated with oral prednisone in a tapering dose over several weeks. MPR of contrast-enhanced 3D MRI taken 2 weeks after the event clearly demonstrated strong enhancement and enlargement over the whole length of the right ON ([Fig. 3B, C](#F3){ref-type="fig"}). At the time of follow-up two months after trauma, her ptosis slightly improved. Three months later, ptosis was completely resolved, and there was some restoration of ocular motion in the direction of adduction. Follow-up MRI 6 months post-injury showed complete resolution of the enhancement and swelling of the right ON ([Fig. 3D](#F3){ref-type="fig"}). Nine months after the injury, the patient still suffered from symptomatic glare and blurred vision for near objects, although complete recovery of diplopia was seen. Four months later, spontaneous improvement of pupillary dilatation was observed, and ophthalmology examination also revealed no paralysis of accommodation.

DISCUSSION
==========

Because traumatic ONP is highly associated with skull or cervical spine fracture and intracranial injury, all possible causes and additional injuries should be ruled out with clinical examination and imaging investigation[@B10]. Brain CT and CT angiography is recommended in acutely traumatized patients with ONP to rapidly evaluate blood, bone, supratentorial structure, and vascular anomaly. Cerebral MRI is also indicated because CT scans may fail to detect abnormalities in the midbrain and the ON itself. On admission of our patient, the absence of other neurological signs and normal brain MRI suggested the lesion was most likely within the subarachnoid space, as the other important structures near the ON, such as the brainstem, cavernous sinus and orbit, were undamaged.

Experimental and postmortem examinations illustrated types of damage to the cranial nerve following head trauma : 1) lesion involves nucleus or nuclear complex, 2) rootlets avulsion at their exit from the brainstem, 3) focal softening in the subarachnoid portion of the nerve, and 4) cellular edema and intraneural hemorrhage at the sites of fixation[@B3],[@B4]. However, the actual mechanisms of isolated ONP from minor head trauma are still not apparent. It has been reported that most patients with traumatic ONP had suffered a blow to the central frontal region of the head like the present case[@B5],[@B9]. With frontal blows to the head, a violent linear accelerated force in the rostro-caudal plane is generated, which runs parallel to the course of the ON[@B11]. Anatomically, the ON crosses the posterior PCL, at which point it is thought to be susceptible to damage as the brainstem moves downward. During impact to head, therefore, the ON fascicule is focally stretched and contused at the posterior PCL act as a fulcrum. This appears to be the accepted mechanism for patients of complete ONP seen after minor trauma without identifiable lesions like this case.

The high-resolution multipositional MRI is helpful to define the number of affected extraocular muscles and the nature of the nerve damages in patients with ophthalmoplegia due to various causes[@B12],[@B17]. This report on traumatic ONP confirmed an intrinsic transient enhancement limited to the ON was the only anatomical abnormality on MRI with MPR. Indeed, the similarity with enhancement of the facial nerve seen in patients with Bell\'s palsy which is considered a form of viral neuritis is striking[@B7]. Most ophthalmoplegic patients in whom ocular motor nerves were abnormally enhanced, due to ischemia, inflammatory or demyelinating conditions appeared recovered in 1-6 months, with diminishing nerve enhancement[@B13],[@B17]. In these patients, the fact that enhancement disappears within several weeks as the patient\'s symptoms resolve after treatment with steroids is a strong indication that the clinical presentations and the radiologic abnormality are related[@B6],[@B15]. Therefore, follow-up contrast-enhanced 3D MRI might be useful for predicting the treatment results and clinical course.

The rate of recovery for ONP caused by trauma is slow and prolonged[@B18]. Follow-up of this case showed that after five months, there was partial recovery of the ONP, which was similarly reported in a few case series[@B2],[@B7],[@B12],[@B15]. In one study on ONP with mild head injury[@B10], the prognoses of patients with ptosis, external ophthalmoplegia and internal ophthalmoplegia were evaluated separately. Recovery rates were 100%, 60%, and 50% respectively. However, the individual prognosis of traumatic ONP is unpredictable. The authors treated the patient with a 6-week course of corticosteroids, although this is not reported in the literature. Nevertheless, the authors thought it might be useful with regard to the cellular edema described in histopathologic examinations. Generally speaking, after a traumatic ONP, 6-12 months is usually allowed for spontaneous recovery before surgical intervention is considered[@B1]. During this observational period, temporary treatment options can be tried to overcome disabling diplopia, including occlusion of an eye with pads, wearing prism lenses or injection of botulinum toxin into the lateral rectus muscle in certain patients[@B8]. Strabismus surgery is proposed when there is no further improvement. The pupil in traumatic ONP shows denervation hypersensitivity and constricts in response to low-dose pilocarpine drops[@B16]. Using this solution counters glare and may help in the strengthening of fusion in downgaze in the less seriously injured subgroup.

CONCLUSION
==========

The authors illustrate an interesting case of purely isolated ONP that occurred as a consequence of a minor head injury. High-resolution and multi-axial enhanced MRI can be helpful in the diagnosis and monitoring of patients with this rare phenomenon, accurately depicting a transient internal abnormality in the cisternal portion of the ON at the posterior PCL.

![Appearance and examination of ocular movement and pupil size on initial presentation. Note bruises on the face and the right side of her neck. The patient can\'t elevate the right upper eyelid which is completely drooped (A). The right eye has limited motion in up, down, and medial gazes with lateral deviation (B).](jkns-54-434-g001){#F1}

![Axial T1-weighted magnetic resonance image reveals no abnormalities in the third nerve and the midbrain.](jkns-54-434-g002){#F2}

![Multiplanar reconstruction magnetic resonance images using contrast-enhanced spoiled gradient-recalled sequences clearly depict the oculomotor nerves (ONs) (arrows) in head trauma patient. A : Initial image shows focal swelling of the right ON at the posterior petroclinoid ligament, but no gadolinium enhancement. B and C : Axial and sagittal reconstruction images obtained 16 days after the injury reveal diffuse thickening and enhancement of the cisternal portion of the right ON. D : Follow-up study confirms virtually complete resolution of the enhancement of the nerve itself.](jkns-54-434-g003){#F3}
